OBJECTIVE: Clinicians hesitate to perform thoracic paravertebral blockade (TPVB) in children due to the potential high risk of adverse effects. No paediatric anatomical guidelines for TPVB exist. This study aimed to estimate the appropriate depth and distance for safe needle positioning in children. METHODS: The depth (D) from the skin to the paravertebral space and the distance (A) from the spinous process to the needle entry point on the skin were measured using chest computed tomography (CT) in children aged between 1 and 9 years. Correlations between age, gender, weight, height, body mass index (BMI) and each of the anatomical measurements were analysed. RESULTS: Each measurement correlated significantly with age, weight and height, but not with BMI (n = 373 children). Measurements A and D could be calculated by: A = 13.56 + (0.33 × age [years]) + (0.06 × weight [kg]) + 0.47 × (gender [female = 0, male = 1]); and D = 17.49 -(0.35 × age [years]) + (0.55 × weight [kg]). CONCLUSION: These anatomical guidelines for TPVB are recommended to help prevent anaesthetic complications such as pneumothorax, when ultrasonography and CT are unavailable.
Introduction
Thoracic paravertebral blockade (TPVB) can be useful in paediatric patients for providing preoperative anaesthesia or postoperative pain control for surgery that does not require bilateral blockade. 1 Many clinicians, however, avoid TPVB due to its potential for adverse effects, which include pneumothorax (prevalence rate, 0.5%), vascular puncture (prevalence rate, 3.8%), SH Yoo, DH Lee, DE Moon et al. Guidance for TPVB needle positioning in children hypotension (prevalence rate, 4.6%) or pleural puncture (prevalence rate, 1.1%). 2 Of particular concern is pneumothorax, which, despite its low prevalence, causes physical and mental distress to both the clinician and patient. The Serious Harm and Morbidity (SHAM) score is used to grade the severity of potential complications of placebocontrolled interventions in local anaesthesia research and it is, perhaps, of note that pneumothorax is listed as a potential complication with a grade 4 SHAM score, which represents a major risk. 3 In order to perform TPVB while minimizing the risk of pneumothorax, the clinician must have the relevant anatomical knowledge. The present study aimed to identify the depth of needle insertion required to reach the paravertebral space, and the distance from the spinous process to the insertion point on the skin, using chest computed tomography (CT) scanning of paediatric patients. These measurements could then be used to locate the paravertebral space accurately, thus preventing the complications associated with TPVB using the loss-of-resistance (LOR) technique for needle insertion. This study also aimed to identify any correlations between these anatomical measurements and demographic characteristics such as gender, height, weight or body mass index (BMI). 
Patients and methods

STUDY POPULATION
CT MEASUREMENTS OF THE THORACIC SPINE
All CT examinations were performed with the patient in the supine position, using the LightSpeed ® VCT (GE Healthcare, Tokyo, Japan) chest CT scanner at the Soonchunhyang University Hospital Cheonan and the SOMATOM ® Sensation 16 chest CT scanner (Siemens, Erlangen, Germany) at the Uijeongbu St Mary's Hospital. In patients who were overly anxious about the procedure, 50 mg/kg chloral hydrate was administered (POCRAL SYR ® 10%, Han Lim Pharmaceutical Company, Kyounggi-do, Republic of Korea). A representative CT scout cutting plane is shown in Fig. 1 . A set of five measurements were taken from each patient, from the first level down to the twelfth level of the thoracic spine (T1 -T12), in each selected cutting plane that had the longest transverse process of the serial cutting planes of the same level of the thoracic spine ( Fig. 2 . For each age group (1 -9 years), the mean measurements of A (T a ) and D (T d ) were determined for each level (T1 -T12) of the thoracic spine (data not shown). The overall mean values of T a and T d for all 12 levels of the thoracic spine were obtained from these values and named T A and T D , respectively. If the sectional plane of the thoracic spine on the screen did not present the same shape as shown in Fig. 1 
STATISTICAL ANALYSES
Statistical analyses were performed using SAS/STAT ® v9.2 (SAS Institute Inc., Cary, NC, USA). All measurements were reported as mean ± SD. The body weight and height of all patients were recorded and the BMI (kg/m 2 ) was calculated for each individual. Associations between the anatomical measurements made at each level of the thoracic spine and demographic characteristics were analysed using Pearson's correlation coefficient. Weight, height and BMI were compared between males and females using an unpaired Student's t-test. A P-value of < 0.05 was considered to be statistically significant. In addition, relationships between the anatomical distances measured and the demographic characteristics were analysed using simple and multiple regression analyses.
Results
A total of 373 paediatric patients (236 males, 137 females) participated in this study and underwent chest CT examinations. In 457 sectional planes of the thoracic spine, the shape was not the same as that shown in Fig.  1 , therefore these were excluded from the analysis. Each set of five measurements (A -E) was, therefore, taken from a total of 4019 sectional planes selected from the images of the thoracic spine at 12 levels. Overall, there were no significant differences between male and female patients in weight, height or BMI, although there were some significant differences within individual age groups (P < 0.05, Table 1 ). The overall mean values of T a and T d for all 12 levels of the thoracic spine (T A and T D , respectively) are presented in Table 2 . There were significant differences in T A between male and female patients aged 1, 5 and 7 years (P < 0.05 for each comparison). Gender-related differences in T D were only observed in 1-year-old children (P = 0.0261).
Age, weight and height correlated significantly with each anatomical measurement (A -E; P < 0.05 for each comparison); no significant correlations between gender and BMI and anatomical measurements were observed (data not shown).
Simple regression analysis demonstrated that age, gender, weight and height, but not BMI, were significantly associated with anatomical measurements A -E (Table 3 ). Multicolinearity was indicated for height, therefore this variable was excluded from the multiple regression analysis; as such, multiple regression equations were estimated only for age, gender and weight. The multiple regression equations were significant for age, gender and weight (P = 0.0041, Table 3 ) for anatomical measurements A and B, for age and weight for anatomical measurements C and D (P = 0.0032), and for weight only for anatomical measurement E (P < 0.0001).
Based on the results of the present study, the following predictive equations were calculated: 
TABLE 2:
Overall According to these calculations, in a 4year-old boy weighing 20 kg, the needle should be advanced ~16 mm lateral to the midline, and the needle depth when connection with the transverse process is made should be ~19 mm. Once such contact is made, if the needle is adjusted, redirected and advanced using the LOR method, the needle tip would be expected to enter the paravertebral space. Using these equations, it is possible to infer that it could be dangerous to insert the needle from the side over 20 mm to the midline or to advance the needle ≥ 36 mm, due to the increased risk of pneumothorax.
Discussion
The advantage of TPVB over epidural block is that it results in a more profound sensory block associated with a low risk of hypotension or undesired motor paralysis of the lower extremities, superior pulmonary function, and lower neuroendocrine stress response and postoperative respiratory morbidity compared with epidural block. 4 -7 In addition, TPVB does not interfere with normal micturition and is unlikely to damage the spinal cord directly, or lead to haematoma formation. 8 TPVB is performed on one side of the body, is a relatively easy technique to undertake and affords a lower frequency of postoperative vomiting. 9,10 Taken together, these advantages suggest that TPVB may be an attractive therapeutic option in patients requiring thoracic anaesthesia.
In paediatric patients, TPVB is used mostly for preoperative anaesthesia during renal surgery or thoracotomy, and for postoperative pain control. 11 A previous study in children reported that there was no requirement for narcotics or other analgesics while TPVB was maintained after thoracotomy. 12 For most children, administration of local anaesthetics at a dose of 0.5 ml/kg via the paravertebral route blocked at least six or more dermatomes. 13 Naja et al. 14 reported that paediatric patients treated with TPVB prior to hernia surgery required lower doses of analgesics, experienced better pain control and were discharged sooner from hospital compared with those treated with systemic anaesthesia and analgesics. In another study in paediatric patients undergoing renal surgery, the analgesic effects of a single TPVB injection were sustained for a mean of 600 min without additional analgesics, thus indicating the effective analgesic action of TPVB even without continuous administration. 15 TPVB in children has also been used quite successfully for outpatient anaesthesia. 16 Since its first description in 1994, the procedure of real-time ultrasound-guided regional anaesthesia has been widely used. 17 The use of ultrasound in nerve blockade procedures can increase the success rate, shorten the duration of the block and reduce the use of local anaesthetics, so as to decrease the rate of anaesthesia-associated complications. 18 -22 The use of ultrasound is strongly recommended for peripheral blockade in children and infants. 23 Even though it is expected to be beneficial, the justification for peripheral blockade is, however, limited in the case of neuroaxial block for which the target nerve is not directly visible. 23 While ultrasound-assisted TPVB is considered to be much easier to perform than peripheral blockade, with fewer complications, TPVB is not always available due to a lack of skilled and experienced personnel. Guidelines for improving the safety of TPVB may, therefore, An equation to estimate the depth of the paravertebral space in children using a similar method to the current study has been reported. 24 In a subsequent study by the same authors, it was observed that the values obtained using CT were smaller than those measured during thoracic paravertebral block, using the LOR technique. 25 It was suggested that the underlying reason for this discrepancy was that CT was performed with the patient lying in a supine position, which caused the subcutaneous tissues to compress, making the measured values appear smaller than the actual values. The authors concluded that their original equation may, therefore, have underestimated the depth of the paravertebral space; consequently they described a new equation for its estimation. 25 Using the revised equation 25 to calculate the needle position for the example of a 4-yearold boy of 20 kg described in the present study, the resulting value for D (28.34 mm) was larger than that (27.09 mm) obtained using the equation described herein (skin to paravertebral space [mm] in Lönnqvist et al. 25 This difference also appears to be caused by a reduction in values due to the compression of subcutaneous tissues. Moreover, the values calculated using CT in the study by Lönnqvist et al. 24 were larger than those determined in the present study. The reason for this discrepancy is unclear but it could be because the age of patients was also considered in the present study. Alternatively it could be that the values obtained in the present study were measured right up to the front side of the transverse process (Fig. 2) , whereas values were measured up to the paravertebral space in the previous investigation.
Three aspects of the current study differ from the previous study by Lönnqvist et al. 24 First, more specific values are reported in the present study due to the inclusion of age and gender in addition to weight, which showed the highest correlation with anatomical measurements. The main advantage of using the previously described equation is its simplicity, but the sample size used to develop it was small (including only 52 patients) and the study could not detect differences by age and gender, particularly for children, since the age range was too wide (0 -22 years). 24 Secondly, the present study measured all levels of the thoracic vertebrae whereas the measurements in Lönnqvist et al. 24 were made at the seventh vertebra in 46 patients, the fifth vertebra in one patient, and the sixth vertebra in five patients. Finally, unlike the previous investigation, the present study provides guidelines to limit the lateral safety zone for the needle insertion point and the depth of insertion. These guidelines may help prevent burdensome complications (such as pneumothorax) when ultrasonography or CT equipment are unavailable.
Limitations of the current study included the small number of patients in each age group and the fact that the immediate rear side of the transverse process was measured, which made the values obtained smaller than those determined during the actual procedure. Another limitation was that in order to perform the procedure blind, it had to be carried out by advancing the needle diagonally rather than in a straight line, vertical to the skin. The measured value thus had to be smaller than the actual value. Finally, no comparison between the actual measured value and the CT measurement was performed in the same patient.
In conclusion, the equations developed in the present study provide guidelines to limit the lateral safety zone for the needle insertion point and the depth of insertion during TPVB in children. These guidelines could help prevent complications such as pneumothorax in situations where no ultrasonography or CT equipment is available.
